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ABSTRACT 
 
 
The Worcester Police Department Crime Scene Unit in their latent print unit utilizes 
many chemical methods to develop and enhance fingerprints left on evidence.  All of 
these methods rely on chemical reactions with biological molecules secreted by human 
skin.  In order to gain accreditation from the Forensic Quality Services board, the unit 
needs to have all of these methods validated.  A method will be considered valid when it 
is tested at the extremes of the range of the protocol and acceptable results are obtained.   
The data from this project show that all experimental protocols printed in their lab 
manual (Grady, 2006) are valid. 
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BACKGROUND 
 
 The science of fingerprinting has been used for many years as a tool for 
identification.  Over the years many new chemical methods for the development of latent 
fingerprints have been created and experimented on.  A latent print is one that is not 
completely visible before chemical treatment, and may be completely invisible to the 
naked eye prior to treatment.  Much literature has been published on the topic. 
 The Worcester Police Department Latent Print Unit utilizes a variety of chemical 
methods to develop latent fingerprints.  All techniques are well established in the field of 
forensic fingerprinting and much literature has been published about them, however each 
lab that wishes to gain accreditation from the Forensic Quality Services board must 
validate the techniques in their lab. 
 The sections that follow outline the fingerprinting techniques examined during 
this validation study.  All of the following techniques are commonly used by the WPD 
lab to identify latent fingerprints. 
 
Cyanoacrylate Fuming 
 Cyanoacrylate (CA) fuming was first developed in Japan in 1978 by the Criminal 
Identification division of the Japanese National Police Agency.  The technique was first 
brought to the USA in 1982 when the US Army Criminal Investigation Laboratory first 
began experimenting with the method as a way to develop latent fingerprints for 
identification (Gaensslen and Lee, 2001). 
 The chemical process that creates the visible fingerprint results in a 
polymerization reaction.  CA is an ester and when it comes in contact with the organic 
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materials that comprise the fingerprint it polymerizes to form a white solid that takes the 
form of the ridges in the print.  The full reaction mechanism has not been established, but 
models have been proposed in literature (Allison et al 2006;  Dadmun et al., 2007?). 
 The polymerization reaction takes place in a specially designed “fuming” hood.  
The hood simultaneously heats superglue to vaporize it, and pumps in humidified air to 
circulate those fumes over the material to be fingerprinted.  The cycle lasts for 20 
minutes, followed by a 10 minute purge cycle to clear the CA vapors from the chamber. 
 Prints that undergo this type of testing appear with a white residue over the 
friction ridges.  Further developing can be done with a fluorescent dye to enhance the 
prints for analysis (see next subsection). 
 
Fluorescent Dyes 
 Rhodamine 6G (R6G) and RAM are two fluorescent dyes used by the Worcester 
Police Department WPD Latent Print Unit to further develop prints that have already 
undergone CA fuming.  This method of development has been proven to be quite reliable 
and is a very commonplace technique in modern forensics (Gaensslen and Lee, 2001). 
 The dyes bind to the CA residue from the “fuming” hood and under light, in the 
range of 450-485 nm for RAM, and 505-530 nm for R6G, it glows a bright yellow or 
orange color, respectively. 
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Iodine Fuming 
 
 Iodine fuming has been used as a latent print developer for a very long time.  This 
process differs from the rest of the methods in this study because it is not a chemical 
reaction, it is a physical one.  When iodine vapors are passed over a latent fingerprint, the 
lipids in the print absorb the vapors turning them orange or brown.  The absorption does 
not last long however as the prints will quickly fade due to the release of the vapors by 
the lipids in the print (Champod et al, 2004). 
 The literature on the technique states that although the method itself has not 
changed much over time, many people have tried to experiment with trying to preserve 
the longevity of the prints once they are developed, but with little or no success (Adcock, 
1977; Arndt 1985). 
 Despite the lack of longevity of the iodine treated fingerprints, the method is very 
commonly used by the Worcester Police department for its versatility and its non 
destructive nature.  Once a print is developed by this method, it can also be developed 
further by other methods or redeveloped by more iodine fuming once the prints fade. 
 
Ninhydrin Analogs 
 Ninhydrin is a chemical compound that reacts with amino acids secreted by the 
skin and deposited on the ridges of a latent print.  The chemical reacts with the amines 
and produces a chemical called Ruhemann’s Purple, which, as the name implies, is a 
bright purple colored substance (Grady, 2006).  Ninhydrin reacts in the following 
reaction: 
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Figure 1: Reaction of ninhydrin with an amine to give Ruhemann’s purple (Champond et al, 2004). 
 
 
 Ninhydrin reactions have become a staple in modern forensic identification, and 
are one of the most commonly used fingerprint development techniques on porous 
materials such as paper and wood.  The Worcester lab uses three different analogs of 
ninhydrin, DFO, indanedione, and ninhydrin itself.   
 DFO works similarly to ninhydrin (Wilkinson, 1999).  The difference is in the 
product, as the product from a DFO reaction is not clearly visible under normal light.  
The residue is slightly pink but is not very distinguishable.  However, under 450-485nm 
of light the fingerprint glows a bright orange or yellow color that is very distinguishable.  
The chemical structure of DFO is below: 
 
Figure 2: Chemical structure of DFO. (Gaensslen and Lee, 2001) 
 
 
 Validation studies have been done on the third ninhydrin analog, indanedione, 
showing it to be a very effective method for developing prints (Gardner and Hewlett, 
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2003).  Similar to DFO, indanedione is not readily visible under normal light, but under  
light at 505-530 nm it glows a bright yellow color.  Indanedione has a very similar 
structure to ninhydrin, but instead of the 5 carbon ring having =O groups in the 1 and 3 
positions, indanedione has =O groups at the 1 and 2 positions, and no OH groups in the 2 
position.  Indandione has been studied extensively for use as a fingerprint developer 
(Ramotowski et al., 1997; Kasper et al, 2002).  This technique has been proven to be a 
very reliable technique for developing prints on porous surfaces. 
 
Silver Physical Developer 
 Silver physical developer is a relatively new technique for the development of 
friction ridge detail on latent prints.  The process uses a chain of chemical reactions to 
deposit a silver residue over the ridges in fingerprints.  The reactions leave a silver 
deposit that is attracted to the inorganic compounds secreted by the skin such as chlorine 
(Cantu, 2001).  Several articles have been published on studies done to experiment with 
the formulation of the physical developer, and its mechanism is discussed at length there 
(Cantu and Johnson, 2001; Burrow, 2003).  The physical developer has been validated as 
a technique in the past, however, the most efficient formulation has been debated.  The 
chemical formulation used by the WPD is the formulation described by Burrow from 
Marshall University (Burrow, 2003). 
 The first step of this technique is an acid wash for the paper to be developed.  This 
is a crucial step as it neutralizes the alkaline nature of most papers so that the developer 
does not bind to the paper and only to the ridges in the prints (Grady, 2006). 
Tetreamethylbenzadine 
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 Tetramethylbenzadine (TMB) is a chemical solution that develops bloody 
fingerprints on evidence.  It has been shown to be very effective in developing 
fingerprints by turning bloody fingerprints a distinguishable green color.  The chemical 
process of TMB is at its core an oxidation reaction.  TMB reacts with the heme in bloody 
prints and oxidizes it, turning it the greenish color that is identifiable and easily studied 
(Gaensslen and Lee, 2001). 
 Much research has been done on the subject of TMB as a fingerprinting 
technique, including, going as far back as 1984 (Lee, 1984).  There are many advantages 
to TMB as a fingerprinting method, one of the largest ones is that because it reacts with 
the heme in the blood, which is not necessarily visible initially, the solution can visualize 
prints that investigators may not have known were there. 
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PROJECT PURPOSE 
 
 The Forensic Quality Service board requires each forensic lab undergoing the 
accreditation process to have all of their laboratory protocols validated.  In order to be 
considered valid, a technique has to be tested at the extremes of the recommended 
chemical ranges of the protocol as written in a laboratory’s lab manual and proven 
effective.  For a given test parameter, that parameter was considered valid in the 
Worcester Police Department (WPD) Crime Scene Unit (CSU) Latent Print Unit when an 
identifiable ridge structure was obtained.  My work in the lab was to test the protocol in 
this fashion, at the various chemical ranges, and where appropriate test the sensitivity of 
the protocols to visualize prints where identifiable fingerprints were no longer obtainable. 
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METHODS 
 All chemical formulations and recipes for the chemicals used in the following 
methods can be found in Appendix A. 
 
Cyanoacrylate Fuming 
  
 This technique utilizes a specially designed Cyanoacrylate (CA) fuming chamber.  
A small aluminum dish was placed into the bottom of the fuming hood with various 
numbers of CA (superglue) drops placed in it: 6, 8, 12, 20, and 28.  The lab manual 
suggests 12-20 drops be used, by testing the range from 6-28, it could be determined 
whether or not there was a point of over or under saturation.  The material to be 
fingerprinted in this method was the same small aluminum dish with a fingerprint placed 
on the back of it.  The dish was hung in the chamber and the door was sealed.  The 
chamber was then turned on with its factory calibrated settings heating the CA in the dish 
and pumping in air with 70% humidity to circulate the CA fumes over the dish.  Upon 
completion of the 20 minute cycle, and a 10 minute purge cycle, the contents were 
removed from the hood and photographed for later analysis. 
 
Iodine Fuming 
 Two methods for iodine fuming were tested and compared in this project.  The 
first method utilizes a small glass tube filled with iodine crystals that is broken open to 
supply iodine fumes, and the second uses a rubber hose and simple breaths to spread the 
fumes over the fingerprints. 
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 In the first method a small glass tube of iodine crystals is placed in a plastic 
sealable bag with all of the contents to be fingerprinted.  In this protocol, since it works 
best on porous surfaces, white printer paper was used.  The paper was cut into squares 
and a fingerprint was placed on each one.  The paper was placed into the bag with the 
glass tube and sealed.  The glass tube was broken and cupped with my hands to warm it 
helping the vaporization process.  The vapors passed over the fingerprints and as soon as 
the fingerprints turned orange they were quickly photographed, as the coloring did not 
last long once the paper was outside of the plastic bag.  If the coloring did fade away 
before a photograph could be taken, the paper was placed back into the plastic bag and 
sealed again until the color returned. This process can be repeated indefinitely.  Once the 
color was photographed on the paper, the prints were analyzed. 
 The second method utilized a glass tube containing an inch of dry-rite crystals, an 
inch of glass fibers, an inch of iodine crystals, and an inch of glass fibers in that order.  A 
rubber hose was attached to the end of the glass tube and the tube was blown into.  The 
heat from the breath vaporized the crystals and the moving air pushes the vapors out the 
other end of the tube.  Similar to the previous method, fingerprints turn orange almost 
immediately, and also similarly, they fade very quickly.  Photographs must be taken as 
quickly as possible to get the print to show up.  Also like the other iodine technique, the 
fingerprints could be redeveloped several times by reapplying the iodine vapor.   
 
Rhodamine 6G and RAM Dyes 
 After CA fuming, a fingerprint appears white, as opposed to the clear or invisible 
appearance prior to treatment.  In certain situations this was not enough and a fluorescent 
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dye was applied to show a truly analyzable fingerprint.  There are two different dyes used 
by this lab, Rhodamine 6G (R6G) and RAM.  The application for these two techniques is 
the same, and there are two different methods.   
The first method calls for the solution of either dye to be squirted onto the 
fingerprinting material.  In this protocol a small aluminum dish with a CA fumed 
fingerprint on it is used, as the dye is meant to further the development of these prints.  
The dye is then quickly dried off with a can of compressed air and photographed under 
450nm of light for further analysis. 
 The second method calls for the fingerprint to be completely submerged in dye.  
To test the limits of this method, the time submerged was tested at 30 seconds and 60 
seconds.  The protocol calls for the item to be dipped and pulled out right away, so if the 
literature argues that a print is still acceptable after a minute of submersion, it is safe to 
say that there is no point of over saturation using this dip and immediate pull protocol.  
By varying time submerged in dye, I hoped to find a point of oversaturation where 
distinguishable ridge detail would no longer be obtained, and this would be deemed past 
the upper limit of the protocol.  The material was immediately dried with a can of 
condensed air and photographed under 450nm of light. 
 
 
Small Particle Reagent 
 Small particle reagent is used on non-porous surfaces in lieu of common powder 
processing.  A suspension of molybdenum disulphide particles was mixed in distilled 
water, and a fingerprint was placed on the sheer side of clear plastic packing tape.  Two 
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methods of application were tested.  The first method employs the use of a spray bottle.  
The suspension at low concentration is placed in a spray bottle and sprayed above the 
fingerprint to be developed.  A gray residue formed over the ridges of the prints, and 
when the prints became visible spraying was stopped.  Prints were washed with distilled 
water and were immediately photographed. 
 The second method was used when higher concentrations of the reagent are used.  
Typically higher concentrations are used for items that have been in a fire, or explosion.  
The suspension is placed in a glass tray and the item to be developed was completely 
submerged.  After ridges developed on the tape they were removed from the solution, 
rinsed with distilled water, and photographed. 
 
Ninhydrin Analogs 
 Three different ninhydrin analogs were used in this project to develop latent 
fingerprints on porous materials: ninhydrin, DFO, and indanedione.  The protocol for 
application is the same for all three.  First, white paper was cut into squares and a 
fingerprint was placed in the center.  The paper was then dipped in the ninhydrin analog.  
Three variations of this were performed.  The first was dipped once and allowed to air 
dry, then was baked in a DFO oven at 200°F for a half hour.  The second was dipped 
once and allowed to air dry, then was dipped again and allowed to air dry before baking 
in the same oven at the same conditions as above.  The third method was dipped and left 
in the solution for one minute, then allowed to dry, then dipped again for one minute, 
then allowed to air dry and baked.  Upon completion in the oven the fingerprints were 
photographed.  The use of normal white light is enough to visualize ninhydrin, however 
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its analogs DFO, and indanedione needed to be viewed under 450nm light or with the use 
of a high powered laser. 
 For ninhydrin itself an additional test was performed.  There are two variations on 
the solvent to be used for ninhydrin, either HFE-7100 or petroleum ether.  Because of 
this, the above protocol was conducted twice with ninhydrin, once with each solvent to 
compare results and see if one was more effective. 
 
Silver Physical Developer 
 Silver physical developer utilizes several reactions and solutions.  An acid wash 
solution is made, as is a working solution.  Three types of paper were tested, white paper, 
loose leaf paper, and brown paper.  All paper was cut into squares, and fingerprints were 
placed in the center of them.  The acid wash was poured into a glass tray, and all paper 
with prints on them were submerged into the acid wash for 10 minutes.  The prints were 
then soaked in the working solution until a silver residue formed over the fingerprints so 
that the ridges can be distinguished.  The paper was then removed and washed with 
distilled water and allowed to dry.  Photographs were taken when the paper was 
completely dry, as more development of the prints can occur during the drying process. 
 
Tetramethylbenzidine 
 If blood is present in a fingerprint, the best method for development is 
tetramethylbenzidine (TMB).  This protocol utilized a compressed air spray gun mounted 
to a bottle of the TMB solution.  Two foam cups had bloody fingerprints placed on them 
in several spots, some that were visible and some that were not.  The prints that were not 
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visible still had heme in them, so it was expected that they would still turn green on 
application of TMB.  The TMB was sprayed onto the prints in an even fashion 
approximately 10 inches away from the print to give a light even coating.  The prints 
instantly turned green and were fingerprinted.  Unlike iodine fuming, the prints do not 
fade, so immediate photography was not essential in getting good pictures. 
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RESULTS 
 
 Each latent fingerprint method was tested, including at extreme ranges of the 
protocol, to see if acceptable results were achieved.  Acceptable results are defined by the 
WPD as results that show identifiable ridges on the print.  Each method defines what an 
acceptable print should look like based on what process the print undergoes. 
 
Cyanoacrylate Fuming 
 An acceptable result in the CA fuming hood shows a fingerprint with a white 
residue defining the ridge structure (Figure-3).  The protocol as written in the lab manual 
recommends that 12-20 drops of superglue containing CA be placed on the dish to be 
heated, so the 12 drops tested were at the low end of the recommended range, and worked 
very well.   
 
 
Figure 3: CA fingerprint  results using 12 drops of 
superglue in the CA hood and photographed under 
normal light. 
 
The CA procedure was also tested at the recommended upper range using 20 drops of 
superglue (Figure-4).  As the photos clearly show, the technique at either the low or high 
end of the recommended CA range produces acceptable results.  Tests were also done at a 
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range above the recommended range, 28 drops.  The results are not shown below as they 
were acceptable and no different looking then 20 drops. 
 
 
Figure 4: CA results using 20 drops of CA and 
photographed under green light.  The green light was 
used to reduce the glare caused by the flash so that the 
print could be visible in the photo. 
 
 
 Next, it was tested whether CA levels lower than the recommended range (6 
drops) would produce acceptable results (Figure-5). Figure-5A shows the print under 
green light to take away the problem of glare.  The print is very faint, and by itself can be 
considered negative; however, with the aid of a fluorescent dye (Figure-5B), the 
fingerprint can clearly be seen and identified.  This image shows that below the 
recommended range of CA in the hood, prints are not well developed and care should be 
taken to avoid under developing prints.   
 
(a)   (b)  
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Figure 5: CA results using only 6 drops of CA in the hood.  The photo on the left was taken under 
green light to reduce the glare of the flash, and in panel B under 450nm of light after being treated 
with RAM fluorescent dye.. 
 
  
 The procedure for developing latent prints, utilizing the chemical formulation 
containing cyanoacrylate has been tested by the Worcester Police Department’s Latent 
Print Unit and deemed a reliable method for the development of latent prints.  It is, 
however, reliant upon a sufficient amount of lipids and/or hydrocarbons being present 
within the matrix of the latent print residue.  Other factors that can significantly affect 
whether this chemical and/or method will develop latent prints on a particular article 
and/or surface include, but are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
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Fluorescent Dyes 
 Fluorescent dyes are used on surfaces that have been treated in a CA fuming hood 
to make the prints more visible and analyzable.  An acceptable print is one that fluoresces 
under 450nm of light, and ridge detail is evident and distinguishable on the prints.  
Figure-6 shows the spray bottle results compared to a print with no dye on it.  The results 
show that when treated with dye, the fingerprints are clearly analyzable in both cases.  
Rhodamine 6G (R6G) (Figure-6B) shows a print with very little background staining, 
while RAM (Figure-6C) shows slight background staining.  Despite this, both prints are 
acceptable results, proving that the technique is valid as written.   
 
(a)  
(b)          (c)  
Figure 6:Comparison of spray bottle application of dyes to a plate with no dye at all.  A dish with no dye 
on it at all is shown in panel a.  Panel b shows R6G and panel c shows RAM dye. 
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 It is assumed that if the quick application of dye as quickly dried from a spray 
bottle works well (shown above), then a dipping method might also work (Figure-7).  A 
quick dip in the dye then dried quickly might work the same way, while a print dipped 
much longer with a 30 second or 60 second dip might show negative results, and more 
testing would have to be done to see if dipping is truly an acceptable method.  All four 
photographs show valid acceptable results, proving that dipping the prints in the dye is a 
valid technique, and by submerging them for a minute longer than the protocol calls for, 
it can also be said that no point of oversaturation can be achieved within reason of the 
protocol.  Despite this, as with the CA fuming hood, it is advised that the protocol be 
followed as written in the laboratory manual. 
 
(a)      (b)  
(c)      (d)  
Figure 7: Results of fluorescent dyes using the submersion application method.  Panels a and b show prints 
submerged for 30 seconds while panels c and d show prints submerged for 60 seconds.  Panels a and c are 
R6G while panels b and d are RAM dyes. 
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 The procedure for developing latent prints that utilizes the chemical formulation 
containing RAM and/or Rhodamine 6G fluorescent dyes has been tested by the 
Worcester Police Department’s Latent Print Unit and deemed a reliable method for the 
development of latent prints.  It is, however, reliant upon a sufficient amount of 
cyanoacrylate residue being present within the matrix of the latent print residue.  Other 
factors that can significantly affect whether this chemical and/or method will develop 
latent prints on a particular article and/or surface include, but are not limited to, the 
following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
 
 
Iodine Fuming 
Two methods for the development of fingerprints using Iodine fumes were tested 
and compared in this study (Figures-8 and 9).  The first method utilized a glass capsule 
with iodine crystals in it (Figure-8).  The crystals vaporized upon breaking of the capsule.  
The ridges appear visibly after iodine processing, however the ridges did not last long 
and faded quickly so it is important that the camera is in position to take the prints before 
development begins.  The data show that the iodine capsule technique is valid as written. 
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Figure 8: Brown ridges appear very visibly on an 
iodine processed print using iodine crystals. 
 
 
  The second iodine method involves a vapor blowing apparatus described 
in the Methods section.  The results for this method are shown in Figure-9.  Both prints 
were categorized as acceptable results.  Even panel B, which shows a print on a manila 
envelope, is much more identifiable than without processing.  It should be noted that 
before processing, no print was visible at all using this technique. 
 
(a)    (b)  
Figure 9: Test of Iodine fuming technique using a blow tube.  Panel a shows white paper, and 
panel b shows a manila envelope. 
 
  
The procedure for developing latent prints, utilizing chemical formulations 
containing iodine has been tested by the Worcester Police Department’s Latent Print Unit 
and deemed a reliable method for the development of latent prints.  It is, however, reliant 
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upon a sufficient amount of biological material being present within the matrix of the 
latent print residue.  Other factors that can significantly affect whether this chemical 
and/or method will develop latent prints on a particular article and/or surface include, but 
are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
 
Small Particle Reagent 
 Two methods of small particle reagent (SPR) were tested here as written in the 
laboratory manual (Figures-10 and 11).  Panel-A shows the results of spray bottle 
development, while Panel-B shows the dish submersion method.  Panel A clearly gives a 
detailed fingerprint that is very analyzable.  Panel B is less easy to distinguish the ridge 
detail, however it is there, and there is enough of it to be used to identify the print.  Thus 
both methods are valid as written. 
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(a)   (b)  
Figure 10: Results from small particle reagent on latent fingerprints.  Panel a shows prints processed with 
spray bottle development and panel b shows prints developed with the dish submersion method. 
 
 
 It was also determined that for this method, it is easy to over-saturate the 
fingerprints (Figure-11).  This figure shows that a sample submerged in the SPR for too 
long can completely wash out any finger prints.  This lack of ridge detail occurred due to 
the sample being submerged for too long in solution.  This leads to the conclusion that it 
is possible to lose a print using this method, and care should be taken to remove prints 
immediately upon ridge detail appearing to avoid over-saturation. 
 
 
 
Figure 11: A print processed with SPR too long 
that shows no ridge detail at all.   
 
  
The procedure for developing latent prints, utilizing the chemical formulation 
containing small particle reagent has been tested by the Worcester Police Department’s 
Latent Print Unit and deemed a reliable method for the development of latent prints.  It is, 
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however, reliant upon a sufficient amount of biological material being present within the 
matrix of the latent print residue.  Other factors that can significantly affect whether this 
chemical and/or method will develop latent prints on a particular article and/or surface 
include, but are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
 
Ninhydrin Analogs 
 Several tests were done on the ninhyrdin derivatives to test their validity.  The 
first experiment (Figure-12) tested the procedures exactly as written in the laboratory 
manual.  All three methods at standard conditions are shown to be valid as written.  All 
three images show much defined ridge detail on the print, which makes the prints easy to 
be analyzed and identified.  The prints were all dipped and then instantly removed from 
solution in these runs.   
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(a)       (b)  
(c)  
Figure 12: Ninhydrin analog results performed exactly as printed in the lab manual.  Panel a shows DFO, 
panel b shows Indanedione, and panel c shows ninhydrin. 
 
 
 To see whether a point of over-saturation could be achieved, another set of prints 
were dipped and allowed to soak in the solutions for a full minute before the rest of the 
processing continued (Figure-13).   Panels a and b show prints that appear to be over 
saturated.  Panel a, using the DFO method, shows a partial wash out of the print.  There is 
a hole in the center of the print where the paper has completely been washed of all ridges.  
The  dye that did remain on the paper cannot be seen in any kind of discernable ridge 
pattern, and all ridges appear to have been smudged and washed together.  Panel b, using 
the indanedione method, shows partial oversaturation of the area between ridges.  The 
space between the ridges is colored, indicating that that material from the ridges is 
seeping into the space between them, contaminating the print and causing it to be harder 
to view and distinguish patterns in the ridges.  The print can still be analyzed, but care 
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should be taken to avoid the print turning out in that manner.  Conversely panel c shows a 
completely acceptable print.  All ridges are visible and distinguishable and thus it appears 
that there is no point of oversaturation within reason for ninhydrin itself.  DFO and 
indanedione appear to have a point of over-saturation and care should be taken in both 
cases to not ruin the latent prints by washing them out.  Although ninhydrin has no 
visible point of over-saturation, it is still advised that the protocol be followed closely to 
the lab manual to achieve the best results. 
 
(a)           (b)   
(c)  
Figure 13: Results of ninhydrin analogs when over saturation is attempted.  Panel a shows DFO, panel b 
shows indanedione, and panel c shows ninhydrin itself.   
 
  
 Also tested was whether under-development is possible (data not shown).  To test 
for this, the same experiment was run but with the exception that instead of two 
submersion periods, there was only one per print.  The results all showed completely 
positive prints with acceptable results in all three cases.  The prints were slightly fainter 
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than the ones in figure 12, but not enough to render them unacceptable.  The conclusion 
can be drawn that in the case of an incidental single submersion, the prints will still come 
out acceptable, however, as with all protocols tested, it is strongly advised to stay in the 
range of the written laboratory manual. 
The procedure for developing latent prints, utilizing the chemical formulation 
containing ninhyrdin or its analogs DFO, and/or indanedione has been tested by the 
Worcester Police Department’s Latent Print Unit and deemed a reliable method for the 
development of latent prints.  It is, however, reliant upon a sufficient amount of amino 
acids being present within the matrix of the latent print residue.  Other factors that can 
significantly affect whether this chemical and/or method will develop latent prints on a 
particular article and/or surface include, but are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
 
Silver Physical Developer 
 As stated in the Methods section, three different types of paper were tested with 
the silver physical developer (Figure-14).  All three methods gave acceptable 
fingerprints, which in this experiment is a print with a silver deposit over the ridges of the 
print so that the print can be analyzed and distinguished upon inspection.  The print on 
the brown paper (Panel C) is very faint yet still distinguishable.  This may be caused by 
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the dark color of the paper, or perhaps due to the coarseness of the paper.  Despite this, 
the print is still acceptable. 
 
(a)          (b)  
(c)  
Figure14: Results of the silver physical development technique on three different surfaces.  Panel a shows 
loose leaf paper, panel b shows bleached white copier paper, and panel c shows brown packaging paper. 
 
  
 On panels a and b, one will notice dark gray lines and marks about the paper.  
These are silver deposits.  If the experimenter is not cautious they can create folds in the 
paper, or gashes, or even indents due to use of forceps (which is what caused the marks in 
the photos above).  Silver will deposit itself there and can obliterate latent prints if too 
many folds run through them.  Care should be taken to avoid damaging the paper to any 
extent that would cause loss of the print.  
The procedure for developing latent prints, utilizing the chemical formulation 
containing silver physical developer has been tested by the Worcester Police 
Department’s Latent Print Unit and deemed a reliable method for the development of 
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latent prints.  It is, however, reliant upon a sufficient amount of inorganic compounds 
being present within the matrix of the latent print residue.  Other factors that can 
significantly affect whether this chemical and/or method will develop latent prints on a 
particular article and/or surface include, but are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
 
 
Tetramethylbenzadine 
 Tetramethylbenzadine (TMB) is employed when bloody prints are visible or 
thought to be present on evidence.  Because it reacts with the heme in blood, which is not 
necessarily in the red part of the blood, TMB can develop prints that are invisible prior to 
treatment.  The results for the development of TMB on a foam cup is shown in Figure-15.  
The print is clearly analyzable after being processed.  Before processing there was not 
enough ridge detail to make an identification.  Even though the developed print does not 
show a full print, there are many more ridge details and an identification can be made. 
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(a)      (b)  
Figure 15: Results for TMB processing of latent bloody fingerprints.  Panel a shows no processing 
while panel B shows the green product of the reaction of TMB with heme. 
  
The procedure for developing latent prints, utilizing a chemical formulation 
containing tetramethylbenzadine has been tested by the Worcester Police Department’s 
Latent Print Unit and deemed a reliable method for the development of latent prints.  It is, 
however, reliant upon a sufficient amount of heme being present within the matrix of the 
latent print residue.  Other factors that can significantly affect whether this chemical 
and/or method will develop latent prints on a particular article and/or surface include, but 
are not limited to, the following: 
• The total amount of biological material being excreted by the person depositing 
the latent print 
• Whether the source skin is covered, or not 
• Other latent print constituents, including contaminants  
•  The receiving surface’s texture, absorbance, temperature, cleanliness, and 
dryness 
• The amount of pressure applied by the source depositing the latent print 
• Slippage and/or pressure distortion 
• Accidental or conscience obliteration, cleaning or wiping of the recipient surface 
after the latent print is deposited 
• Weather conditions upon the recipient surface before, during, and after deposit 
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DISCUSSION 
 
 This MQP project proved that all the chemical techniques used by the Worcester 
PD latent fingerprint unit are valid as written.  It also concluded that certain methods 
have a point of over-saturation that can lead to negative results, while others have a point 
of under-saturation that can lead to negative results. 
Small particle reagent can become oversaturated if the prints are submerged in the 
reagent for too long, or if the reagent has too high of a concentration of molybdenum 
disulphide.  DFO and indanedione can become oversaturated or washed out if the prints 
are submerged too long in the solution.  Contrary to this, ninhydrin does not appear to 
have a point of oversaturation, certainly not using procedures close to the protocol written 
in the manual. 
 It was also discovered that CA fuming can be under-saturated and lead to negative 
results.  However with the aid of a fluorescent dye, even under-satured CA prints can be 
viewed under 450nm of light and analyzed, however this is not preferable as with the 
addition of a few more drops of CA, a positive print can be achieved.  
 All three ninhydrin analogs have been shown to be very effective in the written 
limits, supporting the research of Gardner and Hewlett (2003).  The CA fuming and 
fluorescent dye techniques worked as stated in the book by Gaensslen and Lee (2001). 
 The work on the silver physical developer with the formulation the WPD uses, by 
David Burrow (2003), was shown to be effective.  The surfaces used in this validation 
study matched the surfaces used in the Burrow study, and although the brown paper did 
not develop as well as expected, the prints did appear valid, and with a longer submersion 
time in the physical developer, the ridges would have appeared darker. 
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 Although this MQP discovered that there are limits to the success of these 
techniques, the limits are not anywhere close to the recommended limits of the protocol 
as written by the WPD in the manual (Grady, 2003).  Every method was proven effective 
and valid as written, which not only supports the WPD lab manual, but it supports the 
previous work of many researchers.    
 Future research might include experimenting with new chemical formulations of 
certain techniques, such as with the silver physical developer.  The field of forensic 
science is constantly expanding and changing.  
 With the extensive laboratory work done in this study and after viewing the 
results, it can be concluded that the Worcester Police Department Crime Scene Unit 
Latent Print Department is valid in all of the commonly used chemical fingerprint 
development methods. 
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Appendix A: Chemical Formulations  
RAM 
Rhodamine Stock 
1 gram Rhodamine 6G 
1 Liter Methyl Alcohol 
 
MBD Stock 
1 gram Methoxy-benzylamino-nitrobenz-oxa-diazole 
1 Liter Acetone 
 
Working Solution 
3 ml Rhodamine Stock 
2 ml Ardrox P133D (mixed very thoroughly before proceeding) 
7 ml MBD Stock 
20 ml Methyl Alcohol (mixed completely before proceeding) 
10 ml 2-Propanol 
8 ml Acetonitrile 
950 ml Petroleum Ether 
 
Rhodamine 6G 
 
3 ml Rhodamine Stock (see above) 
15 ml Acetone 
10 ml Acetonitrile 
15 ml Methyl Alcohol 
32 ml 2-Propanol 
925 ml Petroleum Ether 
 
Small Particle Reagent 
 
30g Molybdenum Disulfide 
1 L Distilled Water 
3 Drops Kodak Photo Flo Solution 
 
DFO 
 
Stock Solution 
1 gram 1,8-Diazafluoren-9-ONE 
200 ml Methyl Alcohol 
200 ml Ethyl Acetate 
40 ml Glacial Acetic Acid 
 
Working Solution 
30 ml Stock Solution 
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250 ml Petroleum Ether 
 
1,2-Indanedione 
 
1 gram 1,2-Indanedione 
10 ml Glacial Acetic Acid 
90 ml Ethyl Acetate 
900 ml Petroleum Ether 
 
Ninhydrin 
 
5 grams Ninhyrdin 
45 ml Ethyl Alcohol 
2 ml Ethyl Acetate 
1 Liter Novec Fluid HFE-7100 
 
PETROLEUM ETHER FORMULATION 
6 grams Ninhydrin 
30 ml Methyl Alcohol 
30 ml 2-Propanol 
940 ml Petroleum Ether 
 
Silver Physical Developer 
 
Acid Stock 
1 Liter Distilled Deionized Water 
50 grams Malic Acid (stir in completely until dissolved) 
 
Redox Stock 
900 ml Distilled Deionized Water  
30 Grams Ferric Nitrate Monohydrate (Iron Nitrate Monohydrate) 
70 Grams Ferrous Ammonium Sulfate Hexahydrate 
15 Grams Citric Acid 
Place water on a magnetic stirrer, add chemicals in order listed and completely 
dissolve each before adding the next. 
 
Detergent Stock 
1 Liter Distilled Deionized Water 
1.4 Grams N-Dodecylamine Acetate 
1.4 ml Synperonic N 
Stir on magnetic stirrer until completely dissolved 
 
Silver Nitrate Stock 
1 Liter Distilled Deionized Water 
200 Grams Silver Nitrate  
Stir on magnetic stirrer until completely dissolved, store in an amber bottle 
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WORKING SOLUTION  
130 ml Acid Stock 
320 ml Redox Stock 
20 ml Detergent Stock, thoroughly mix with above for 5 minutes, before next step 
25 ml Silver Nitrate Stock, thoroughly mixed with above for 5 minutes 
 
Tetramethylbenzadine  
 
Buffer Solution 
5 Grams Sodium Acetate 
43 ml Glacial Acetic Acid 
50 ml Distilled Water 
Mix in the order listed and stir thoroughly  
 
Stock Solution 
.4 Grams 3,3,5,5-tetramethylbenzadine 
20 ml Buffer Solution 
 
Collodian-Ethanol-Ether Solution 
30 ml Collodion 
15 ml Ethanol 
120 ml Ethyl Ether 
Pour the ethanol into the collodion and let stand for 5 minutes.  After 5 minutes, 
place beaker on the magnetic stirrer and, with mixture stirring, very slowly add 
the ether 
 
Working Solution 
6 ml Stock Solution 
.5 Grams Sodium Perborate 
120 ml Collodion-Ethanol-Ether Solution
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